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REGIONAL GROUNDWATER FLOW IN A 


CHALK AQUITARD, NEGEV, ISRAEL 


Observations 

(1) 	 Abundance of fissures, joints and fractures 

(2) 	 Secondary mineralization in fractures 

(3) 	 Seasonal fluctuations in water level 

(4) 	 Abundance of tritium in groundwater 

(5) 	 Rapid (within a decade) contamination of groundwater 

(6) 	 Similarity in the stable isotopic composition of groundwater 

and precipitation 



REGIONAL GROUNDWATER FLOW IN A 


CHALK AQUITARD, NEGEV, ISRAEL 


Conclusion 

Water and solutes shortcut through the low-permeability matrix 

via fractures and joints, escaping evaporation. 
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G R O U N D W A T E R  F L O W  IN T t ~  VADOSE 


CHALK,  N E G E V ,  I S R A E L  


Methods 

(1) Cored rock samples for: 

* 	 Tritium profiles to estimate water-percolation rates 

* 	 Chloride profiles to assess nonreactive solute transport 

* 	 Bromide profiles to evaluate nonreactive contaminant 

transport 

* 	 Deuterium and oxygen-18 profiles to assess 

evaporation 

(2) Observed vertical fracture distribution in cores 



GROUNDWATER FLOW IN THE VADOSE 


CHALK, NEGEV, ISRAEL 


Observations 

(1) 	 Near-saturation water content in the vadose chalk 

(2) 	 Low permeability of the chalk matrix (2 miUidarcy) 

(3) 	 Presence of tritium spikes below the tritium front 

(4) 	 Vertical deplition of stable isotopes 

(5) 	 Vetical dilution of salts 

(6) 	 Mineralization 

(~ondus!'ons 

matrix. Instead: 

(2) 	 Water wets the fracture walls and rapidly percolates through major 

conduits. 



GROUNDWATER FLOW IN THE VADOSE 


CHALK, NEGEV, ISRAEL 


Observations 

(1) 	 Near-saturation water content in the vadose chalk 

(2) 	 Low permeability of the chalk matrix (2 millidarcy) 

(3) 	 Presence of tritium spikes below the tritium front 

(4) 	 Vertical deplition of stable isotopes 

(5) 	 Vetical dilution of salts 

(6) 	 Mineralization 

Conelusi'ons 

(1) 	 Water entering the fractures is not immediately imbibed by the 

matrix, Instead: 

(2) 	 Water wets the fracture walls and rapidly percolates through major 

conduits. 
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G R O U N D W A T E R  F L O W  IN T H E  V A D O S E  


C H A L K ,  N E G E V ,  I S R A E L  


Calculated Infiltration Velocity 

* 	 From saturated zone information, using tritium and 

contamination in groundwater: > 1500 and 2400 mm/yr, 

respectively 

From vadose zone information, using tritium and bromide in 

the matrix: 30 and 110 mm/yr, respectively 

Conclusi_o~ 

Fracture flow accounts for the two orders of magnitude difference. 



l~otopic__!ndications for Fracture,-ControHed Flow in 


the Saturated Zone 


(a) Presence of contamination and tritium in deep groundwater 

Alternative: 	 Trilxma and contamination do not move vertically via 

the vadose zone but laterally from dissecting streams. 

(b) Resemblance of O-18 and D in precipitation and groundwater 

Alternative_: 	 Similarity results from focused, isotopically light 

recharge through porous riverbeds. 
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the Saturated Zone 


(c) Heterogeneity of isotopic composition 

Altetm a five '. No lateral flow (i.e. no contamination risk). 

(d) No evolution along apparent flow paths 

Alt~rn~V¢: No lateral flow (i.e. no coataminatioa risk). 
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~otopic Indications for Fracture-Controlled Row in 


the Saturated Zone 


(c) Heterogeneity of isotopic composition 

Alternative: No lateral flow (i.e. no con~mination risk). 

(d) No evolution along apparent flow paths 

Alternative: No lateral flow (i.e. no contamination risk). 
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Isotopic Indications_for Fracture-Controlled ~ o w  in 


the Vadose Zone 


(a) Isotopic prof'lles in the vadose zone 

Tritium spikes result from samplecontamination. Stable 

isotope compositions are affected by diffusion. 

(b) Mineral izat ion 

Alg_ma1~: Secondary minerals are flow barriers. 


